Values for the bulk modulus are given in Table 9-1., Since liquids and gases
do not have a fixed shape, only the bulk modulus (not the Young’s or shear
moduli) applies to them.

* m Fracture

If the stress on a solid object is too great, the object fractures, or breaks
(Fig. 9-24). Table 9-2 lists the ultimate strengths for tension, compression, and
shear for a variety of materials. These values give the maximum force per unit
area, or stress, that an object can withstand under each of these three types of
stress for various types of material. They are, however, representative values
only, and the actual value for a given specimen can differ considerably. Tt is
therefore necessary to maintain a safety factor of from 3 to perhaps 10 or
more—that is, the actual stresses on a structure should not exceed one-tenth to
one-third of the values given in the Table. You may encounter tables of “allow-
able stresses” in which appropriate safety factors have already been included.

TABLE 9-2 Ultimate Strengths of Materials (force/area)

T
;" 1 : Shear

Compression

FIGURE 9-24 Fracture as a result
of the three types of stress.

Compressive
Tensile Strength Strength Shear Strength

Material (N/m?) (N/m?) (N/m?)
Iron, cast 170 x 10° 550 % 10° 170 x 10°
Steel 500 > 100 500 x 10% 230 x 10°
Brass 250 x 105 250 x 10% 200 x 108
Aluminum 200 > 10% 200 x 10% 200 x 10°
Concrete 2 x 100 20 x 108 2 % 108
Brick dshaint
Marble 80 x 10%
Granite 170 x 108
Wood (pine) (parallel to grain) 40 = 10° 35 x 10% 5 I

(perpendicular to grain) 10 % 10°
Nylon 500 x 100
Bone (limb) 130 x 108 170 x 108

D CVIHAS NN Breaking the piano wire. The steel piano wire we
discussed in Example 9-10 was 1.60 m long with a diameter of 0.20 cm. Approx-
imately what tension force would break it?

APPROACH We set the tensile stress F/A equal to the tensile strength of
steel given in Table 9-2.

SOLUTION The area of the wire
1.0 % 10" m. Then

is A=, where r=0.10cm

= 500 % 10°N/m?

|

so the wire would likely break if the force exceeded
F = (500 x 10°N/m?)(w)(1.0 ¥ 107 m)’ = 1600N.

As can be seen in Table 9-2, conerete (like stone and brick) is reasonably
strong under compression but extremely weak under tension. Thus concrete
can be used as vertical columns placed under compression, but is of little
value as a beam because it cannot withstand the tensile forces that result
from the inevitable sagging of the lower edge of a beam (see Fig. 9-25).

FIGURE 9-25 A beam sags, at least
a little (but is exaggerated here), even
under its own weight. The beam thus
changes shape: the upper edge is
compressed, and the lower edge is
under tension (elongated). Shearing
stress also occurs within the beam.
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